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(5 7) Abstract: 

PURPOSE: To miniaturize the device and 
to increase the frequency to be covered by 
the device by converting an impedance, for 
which an output load and an impedance in 
the basic wave of a serial resonance circuit 
are synthesized, to an impedance which 
maximizing the efficiency of an amplifying 

element. * " f|~~| JP^* 

CONSTITUTION: This device is provided *|| 
with a serial resonance circuit 1 to be 
resonated at a double frequency while being 
parallelly connected to the output load and a 
transmission line 2 for a certain length to 
convert the impedance, for which the output 

load and the impedance in the basic wave of the circuit 1 are synthesized, 
to the .impedance which maximizes the efficiency of an element 3. 
Namely, the synthetic impedance of the output load and the impedance in a 
basic wave fO of the double wave serial resonance circuit 1 is from a point 
O of the output load to a point Al . Further, since the transmission line 2 
executes phase rotation just for an impedance Zl, an impedance point K of 
the basic wave fO to apply maximum efficiency can be provided. 
Therefore, when the length of the line 2 and the level of the impedance 
corresponding to the basic wave fO of the circuit 1 are matched with the 
load conditions of the basic wave fO, the phase of the fO is operated with 
high efficiency at the point K. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the amplifier which 
amplifies a RF efficient about the high-frequency amplifier. 

[0002] Since harmonic content is contained in the output signal of the high-frequency 
amplifier, in order to make the magnification effectiveness high, odd harmonics is 
considered as a short circuit (short), and it is necessary to take out only a 
fundamental-wave component as much as possible out of this harmonic content, and 
to carry out magnification actuation by considering the eventh higher harmonic as 
disconnection (opening). 
[0003] 

[Description of the Prior Art] As amplifier for making it operate at effectiveness high 
as mentioned above, Class F amplifier as conventionally shown in drawing 17 is 
known. 

[0004] In this Class F amplifier, the coils 35 and 36 for bias were connected to the 
amplifier (FET) 3 1 , and that bias is set up near the pinch-off. 

[0005] And while connecting the transmission line 32 of the quarter- wave length of a 
fundamental wave. to this amplifier 31 and connecting the fundamental-wave parallel 
resonant circuit 33 to this transmission line 32, the fundamental-wave matching 
circuit 34 is connected to the latter part so that the load conditions of a higher 
harmonic may not be affected. 

[0006] In this case, in the higher harmonic more than a two-times wave, it can be 
considered mostly that a parallel resonant circuit 33 is a short circuit. Moreover, since 
a two-times wave and the 3 time wave are large and the harmonic content contained 
in the output of amplifier should usually take into consideration only a two-times 
wave or a two-times wave, and a 3 time wave, it explains a two-times wave and a 3 
time wave. 

[0007] Since it is opened at the middle point B of the transmission line 32 in the case 
of a two-times wave, a load is made into a short circuit condition in the output 
terminal of an amplifier 31, and in the case of a 3 time wave, since it serves as opened 
by 1/3-ppint C of the transmission line 32 and it serves as a short circuit by 1/3 point 
A, a load can be made into an open condition in the output terminal of an amplifier 
31. 

[0008] Thereby, a higher harmonic is not given to the fundamental-wave matching 
circuit 34, but only a fundamental wave is given, it has consistency with a load, and 
the maximum output is taken out. 

[0009] Moreover, while inserting the wave parallel resonant circuit 37 3 times 
between an amplifier 3 1 and the fundamental- wave matching circuit 34 in the case of 
the conventional example shown in drawing 18 , the two-times wave series resonant 
circuit 38 is connected between the node of this parallel resonant circuit 37 and a 



matching circuit 34, and touch-down potential. 

[0010] Therefore, since a two-times wave will be in a short circuit condition through 
the coil of the wave resonance circuit 37 in a series resonant circuit 38 3 times, a load 
is short-circuited in the output terminal of an amplifier 31, and in the case of a 3 time 
wave, since it is prevented in a parallel resonant circuit 37, it will be in an open 
condition by the output terminal of an amplifier 3 1 . 

[001 1] Furthermore, in the case of the conventional example of drawing 19 , the 1/12- 
wave transmission line 39 and the 1/6-wave transmission line 40 were connected 
between the fundamental- wave matching circuit 34 in drawing 18 , and the output 
terminal of an amplifier 31, and the wave series resonant circuit 41 is connected 3 
times between the node of these transmission lines 39 and 40, and touch-down 
potential. 

[0012] Therefore, since a two-times wave connects too hastily similarly also in this 
case in the two-times wave resonance circuit 38 and a wave connects too hastily 3 
times 3 times in the wave resonance circuit 41, as a result of going via the 
transmission lines 40 and 39, in the output terminal of an amplifier 3 1 , a two-times 
wave will be in a short circuit condition, and a wave will be in an open condition 3 
times. 

[0013] Thus, only the fundamental- wave component in the RF signal inputted is 
amplified, and it is outputted via the fundamental-wave matching circuit 34. 
[0014] 

[Problem(s) to be Solved by the Invention] Thus, the conventional amplifier has 
prepared independently the resonance circuit to a fundamental wave, a second 
harmonic, and third harmonic, respectively. Moreover, since it was the circuit where 
the fundamental-wave matching circuit, the higher-harmonic-resonance circuit, and 
the bias circuit that supplies a power source to an amplifier also became independent, 
the miniaturization of a circuit was difficult. 

[0015] Moreover, since the matching circuit of a fundamental wave had to be 
established in the location more distant than a higher-harmonic processing circuit 
from amplifier so that the load conditions of a higher harmonic might not be affected, 
it had the trouble that it was difficult to take a large band. 

[0016] Then, this invention aims at realizing the high-frequency amplifier which 
attained the miniaturization of a circuit and attained broadband-ization by bringing a 
fundamental-wave load circuit close to an amplifier by summarizing a fundamental- 
wave matching circuit and a higher-harmonic load circuit to one. 
[0017] 

[Means for Solving the Problem and its Function] 

This invention (the 1) : [1] In drawing 1 and drawing 7 (1) means:this invention The 
series resonant circuit 1 which parallel connection is carried out to an output load, and 
resonates on a two-times wave frequency as shown in drawing 1 , It has the 
transmission line 2 which has the die length which changes the impedance which was 
connected between the amplifier 3 and this output load, and compounded this output 
load and the impedance in the fundamental wave of this series resonant circuit 1 into 
the impedance from which the effectiveness of this amplifier 3 becomes max. 
[0018] (2) Operation : the configuration of this invention (the 1) shown in drawing 1 
is taking only the two-times wave into consideration with the easiest configuration for 
improving amplifier effectiveness. 

[0019] Usually, since it is difficult to make a big inductor, as for the two-times wave 
series resonant circuit 1, a capacity component becomes large. Therefore, even if 
resonance frequency separates a few from a two-times wave, it will be in a short 



circuit condition enough. 

[0020] For example, a load required for a fundamental wave comes to be shown in the 
Smith chart of drawing 7 . Namely, fundamental wave fO of the point O of an output 
load to an output load, and the two-times wave series resonant circuit 1 The synthetic 
impedance with the impedance which can be set serves as a point Al . Fundamental 
wave fO which gives the maximum effectiveness currently beforehand searched for in 
the experiment etc. when phase rotation for impedance Z 1 minute is further 
performed to this by the transmission line 2 It becomes the impedance point K. 
[0021] Thus, the die length of the transmission line 2 and the fundamental wave fO of 
a series resonant circuit 1 It is a fundamental wave fO about the magnitude of the 
receiving impedance. If it is made to suit load conditions, the phase of a fundamental 
wave fO can serve as a location of the point K of drawing 7 , and can carry out 
efficient actuation of this high-frequency amplifier. 

[0022] the above-mentioned case — fundamental wave fO about - although the load 
conditions which acquire the maximum effectiveness were shown - two-times wave 
2f0 since the phase range about power addition effectiveness came to be shown in 
drawing 14 - this two-times wave 2f0 A case must also examine whether efficient 
actuation is obtained. 

[0023] When carrying out phase rotation by the transmission line 2 as mentioned 
above, it is 0 2f of two-times waves. A load is 0 like illustration 2f of two-times 
waves seen from the impedance point Rl in the two-times wave of a series resonant 
circuit 1 to the amplifier 3. Phase rotation which corresponds the twice of a 
fundamental wave to the impedance point R2 is performed. In the example of 
illustration, the phase of the impedance point R2 is about 100 degrees. 
[0024] On the other hand, drawing 14 shows the power addition effectiveness over the 
phase of the two-times wave of the amplifiers 3, such as FET, although the phase of 
effectiveness is bad at nearly 180 degrees, it takes for becoming small from 100 
degrees, and effectiveness is good. And although effectiveness becomes good slightly 
at 100 degrees or less if a phase becomes small, it is 1 mere%. 
[0025] Therefore, it will be said that what is necessary is just to make the phase of a 
two-times wave into the phase of 100 degrees or less in this case, and it turns out that 
the impedance point R2 shown in drawing 7 is filling this. 
[0026] This invention (the 2) : [2] In drawing 2 and drawing 8 (1) meansithis 
invention The series resonant circuit 1 which parallel connection is carried out to an 
output load, and resonates on a two-times wave frequency as shown in drawing 2 , 
The transmission line 4 which has the predetermined die length which connects 
between an amplifier 3 and this output load, and carries out impedance conversion, 
An end is connected to the output terminal of this amplifier 3, and the other end short- 
circuits in RF. The load of a fundamental wave is given by forming the bias 
transmission line 5 which has the wavelength way which changes the impedance 
which cooperated with this transmission line 4 and compounded this output load and 
the impedance in the fundamental wave of this series resonant circuit 1 into the 
impedance from which the effectiveness of this amplifier 3 becomes max. 
[0027] (2) Operation : there is a thing called the amount of oppression of a higher 
harmonic in the property needed for the high-frequency amplifier, and this large may 
have to be taken. In this case, even if it makes resonance frequency of the two-times 
wave series resonant circuit 1 equal to a two-times wave, the load of a fundamental 
wave will shift from the target point K. 

[0028] Then, in addition to the transmission line 4, the end of the bias transmission 
line 5 is short-circuited in RF like drawing 2 , and it connects with the output of an 



amplifier 3, and amplifier can be constituted if it determines that the die length will 
fill the load of a fundamental wave, die length does not affect the phase of a two- 
times wave — as (for example, nearly 1/8 wave of a fundamental wave) — it carries 
out. 

[0029] When the Smith chart of drawing 8 explains this, it is the fundamental wave fO 
of the point O of an output load to an output load, and the two-times wave series 
resonant circuit 1. The synthetic impedance with the impedance which can be set 
serves as a point A2. When phase rotation for impedance Z 21 minutes is further 
performed to this by the transmission line 4, it becomes impedance point B-2. 
[0030] If real part is still more fixed like illustration from this point B-2 and only 
imaginary part is changed by existence of the bias transmission line 5 for impedance 
Z 22 minutes, it will result in the impedance point K of giving the above-mentioned 
maximum effectiveness. 

[0031] In addition, a two-times wave and the load conditions about a 3 time wave are 
not shown in drawing 8 for simplification. 

[0032] This invention (the 3) : [3] In drawing 3 and drawing 9 (1) means:this 
invention The series resonant circuit 6 which parallel connection is carried put to an 
output load, and resonates on a wave frequency 3 times as shown in drawing 3 , The 
1st and 2nd transmission lines 7 and 8 by which series connection was carried out 
between the amplifier (3) and this output load, The series resonant circuit 1 which 
parallel connection is carried out to this output load in the node of both the 
transmission lines, and resonates on a two-times wave frequency, The impedance to 
which a preparation and these 1st and 2nd transmission lines 7 and 8 compounded the 
impedance in this output load and the fundamental wave of this 3 time wave series 
resonant circuit 6 is changed by this 1st transmission line 7. The impedance which 
furthermore compounded the changed this impedance and the impedance in the 
fundamental wave of this two-times wave series resonant circuit 1 has the die length 
changed into the impedance from which the effectiveness of this amplifier 3 serves as 
max by this 2nd transmission line 8, respectively. 

[0033] (2) Operation : in the above-mentioned case, although only the effect of a two- 
times wave was taken into consideration, it is 0 3f of 3 time waves. What is necessary 
is just to add the series resonant circuit 6 which resonates on a wave 3 times as shown 
in drawing 3 to the configuration of drawing 1 , in also taking the conditions of the 
amount of oppression into consideration. 

[0034] As mentioned above, since the capacity component is larger, the precision of 
the frequency to 0 is seldom needed 3f of waves 3 times in a series resonant circuit. 
Although the load conditions over a 3 time wave are disconnection (phase of 0 
degree) mostly, rotation of a phase is a fundamental wave fO. If a circuit is constituted 
so that it may become the phase of a two-times wave as received, and shown in 
drawing 14 , since it is 3 times, the phase of a wave will become almost sufficient 
value 3 times. 

[0035] if the Smith chart of drawing 9 explains this — fundamental wave fO of the 
point O of an output load to an output load, and the 3 time wave series resonant circuit 
6 The synthetic impedance with the impedance which can be set serves as point A3. 
When phase rotation for impedance Z 31 minutes is further performed to this by the 
1st transmission line 7, it becomes the impedance point B3. 

[0036] The impedance of this point B3, and fundamental wave fO of the two-times 
wave series resonant circuit 1 The synthetic impedance with the impedance which can 
be set serves as a point C3. When phase rotation for impedance Z 33 minutes is 
further performed to this by the 2nd transmission line 8, it results in the impedance 



point K of giving the above-mentioned maximum effectiveness. 

[0037] In addition, a two-times wave and the load conditions about a 3 time wave are 

not shown for simplification of this drawing 9 . 

[0038] [4] This invention (the 4) : as drawing 4 and drawing 10 (1) meansithis 
invention are shown in drawing 4 The series resonant circuit 6 which parallel 
connection is carried out to an output load, and resonates on a wave frequency 3 
times, The 1st and 2nd transmission lines 7 and 8 by which series connection was 
carried out between the amplifier 3 and this output load, The series resonant circuit 1 
which parallel connection is carried out to this output load in the node of both the 
transmission lines, and resonates on a two-times wave frequency, The bias 
transmission line 9 which the end was connected to the output terminal of this 
amplifier 3, and the other end short-circuited in high frequency, A preparation, these 
1st and 2nd transmission lines 7 and 8, and this bias transmission line 9 The 
impedance which compounded the impedance in this output load and the fundamental 
wave of this 3 time wave series resonant circuit 6 is changed by this 1st transmission 
line 7. The impedance which furthermore compounded the changed this impedance 
and the impedance in the fundamental wave of this two-times wave series resonant 
circuit 1 It has the die length changed into the impedance from which the 
effectiveness of this amplifier 3 serves as max according to this 2nd transmission line 

8 and this bias transmission line 9, respectively. 

[0039] (2) Operation : this is the case where the amount of oppression of a two-times 
wave other than the amount of oppression of a wave must be increased 3 times. Since 
the load of a fundamental wave shifts from a target value when the frequency 
precision of the resonance circuit of a two-times wave is raised, as opposed to a 
fundamental wave, the load conditions of a fundamental wave are doubled using 
about 1/8 wave of bias transmission line 9 so that it may not be influenced of a two- 
times wave and a 3 time wave. 

[0040] The load conditions in this case are a fundamental wave fO by calculating 
impedance point A4 corresponding to impedance point A3 of drawing 9 - C3 - C4, 
performing phase rotation by the impedance Z43 of the 2nd transmission line 8 to this 
further, and performing impedance conversion by the impedance Z44 in the bias 
transmission line 9 to this, as shown in drawing 10 . The maximum effectiveness 
point K is acquired. 

[0041] This invention (the 5) : [5] In drawing 5 and drawing 11 (1) means:this 
invention In the high-frequency amplifier of this invention (the 3) shown in drawing 3 
, exchange the wave series resonant circuit 6 and this two-times wave series resonant 
circuit 1 these 3 times, and it uses. The impedance to which these 1st and 2nd 
transmission lines 7 and 8 compounded this output load and the impedance in the 
fundamental wave of this two-times wave series resonant circuit 1 is changed by this 
1st transmission line 7. The impedance which furthermore compounded the changed 
this impedance and the impedance in the fundamental wave of this 3 time wave series 
resonant circuit 6 has the die length changed into the impedance from which the 
effectiveness of this amplifier 3 serves as max by this 2nd transmission line 8, 
respectively. 

[0042] (2) Operation : in drawing 3 , this invention replaces the wave series resonant 
circuit 6 and the two-times wave series resonant circuit 1 3 times, use it, support 
impedance point A5 of drawing 1 1 impedance point A3 in the Smith chart in drawing 

9 - whose C3 are the Smith charts of this invention - C5, and the view is the same. 
[0043] Therefore, a wave series resonant circuit may be brought to the output terminal 
side of the high-frequency amplifier 3 times by the ease of realizing of the load 



conditions of a fundamental wave, and a two-times wave series resonant circuit may 
be brought. 

[0044] This invention (the 6) : [6] In drawing 6 and drawing 12 (1) means :this 
invention In the high-frequency amplifier of this invention (the 4) shown in drawing 4 
, exchange the wave series resonant circuit 6 and this two-times wave series resonant 
circuit 1 these 3 times, and it uses. The impedance to which these 1st and 2nd 
transmission lines 7 and 8 and this bias transmission line 9 compounded this output 
load and the impedance in the fundamental wave of this two-times wave series 
resonant circuit 1 is changed by this 1st transmission line 7. The impedance which 
furthermore compounded the changed this impedance and the impedance in the 
fundamental wave of this 3 time wave series resonant circuit 6 It has the die length 
changed into the impedance from which the effectiveness of this amplifier 3 serves as 
max according to this 2nd transmission line 8 and this bias transmission line 9, 
respectively. 

[0045] (2) Operation : the load conditions in this case are a fundamental wave fO by 
searching for the impedance points A6-C6 corresponding to impedance point A5 of 
drawing 1 1 - C5, performing phase rotation by the impedance Z63 of the 2nd 
transmission line 8 to this further, and performing impedance conversion by the 
impedance Z64 in the bias transmission line 9 to this, as shown in the Smith chart of 
drawing 12 . The maximum effectiveness point K is acquired. 
[0046] [7] this invention (the 7): — drawing 13 (1) means: — in this invention, in the 
high-frequency amplifier of drawing 2 and this invention (the 2, 4, 6) shown in 4 and 
6, when the phase of the two-times wave which gives the maximum effectiveness of 
this amplifier 3 is larger than 180 degrees, this bias transmission line is considering as 
the transmission line shorter than the quarter- wave length of a fundamental wave. 
[0047] (2) Operation : there are some from which power load effectiveness serves as 
max with a phase with the larger phase of a two-times wave than 1 80 degrees as 
shown in drawing 15 depending on an amplifier. In such a case, about the die length 
of drawing 2 and the bias transmission line in 4 and 6, as shown in drawing 13 , it is a 
fundamental wave fO. The phase of a two-times wave can be made into the target 
point K by making it the impedance point R3 (impedance point in case R4 does not 
have the bias transmission line) somewhat shorter than quarter- wave length. 
[0048] 

[Example] Drawing 16 is what showed the example of the high-frequency amplifier 
of the high-frequency amplifier concerning this invention shown especially in 
drawing 4 , and shows the same part as drawing 4 with the same sign among drawing. 
[0049] In this high-frequency amplifier 10, it connects with an output terminal 1 1, and 
the series resonant circuit 6 is grounded by the through hole 12. This output terminal 
1 1 is connected to a series resonant circuit 1 via the 1st transmission line 7, and this 
series resonant circuit 1 is grounded by the through hole 13. 

[0050] Furthermore, the 1st transmission line 7 is connected to the 2nd transmission 
line 8, and this transmission line 8 is connected to the output terminal 14 of FET3 as 
an amplifier. 

[0051] The bias transmission line 9 is connected to this output terminal 14, and it 
connects with the through hole 16 from the capacitor 15 further for a high frequency 
short circuit. Moreover, the power supply terminal 17 is connected to this capacitor 
15. 

[0052] Although a circuit can be miniaturized in this example if a chip capacitor is 
used for the capacitor of series resonant circuits 1 and 6, the magnitude of the inductor 
which doubled the land for this internal inductance, connection Rhine, or soldering is 



0.4-0.6nH, and it is suitable magnitude to realize this invention with a 900MHz band. 
[0053] Moreover, the transmission lines 7 and 8 are the microstrip lines of 0.04 waves 
of die length of a fundamental wave mostly, and the die length of the bias line 9 of a 
single-sided short circuit is 0.1 1 waves. 
[0054] 

[Effect of the Invention] When parallel connection of a two-times wave or the 3 time 
wave series resonant circuit is carried out to an output load at the output terminal side 
of an amplifier according to the high-frequency amplifier applied to this invention as 
explained above, Insertion connection of the transmission line is made between them. 
Or since it constituted so that the impedance which compounded this output load and 
the impedance in the fundamental wave of this series resonant circuit by connecting 
the bias transmission line to the output terminal of an amplifier might be changed into 
the impedance from which this magnification efficiency of element becomes max A 
fundamental-wave matching circuit and a higher-harmonic load circuit can be 
summarized, with the miniaturization of a circuit is attained. Thereby, a fundamental- 
wave load circuit can be brought close to an amplifier, and broadband-ization is 
realized. 



[Translation done.] 
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